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discussion by listing the biological hall-
marks shared by all the lentiviruses:
their host range tends to be genus-spe-
cific rather than species-specific; their
transmission occurs horizontally through
blood, milk, other body fluids, and in-
flammatory exudates containing either
infected lymphocytes, infected macro-
phages, or free virus, they cause lifelong
infections in monocytes, macrophages,
and lymphocytes; they replicate irreg-
ularly or ‘continuously at enhanced or
restricted rates; and they may or may
not cause disease after variable or often
prolonged periods of subclinical infec-
tion, depending on various virus and
host factors. Table 2 lists the clinical
manifestations of the various lentiviral

diseases.

The appearance
of AIDS in dis-
parate populations connected
4\ only by probable routes of
§ transmission was among the
initial pieces of evidence

<# 3 suggesting an infectious
cause to the forthcoming worldwide epi-
demic. First described among homo-
sexual men in June 198 1, AIDS was
recognized among intravenous drug
users and Haitians the following year
and among recipients of blood or blood
products, infants born to mothers at risk,
heterosexual sexual partners of patients
with AIDS, and Africans by early 1983.
Thus the search for a blood-borne in-
fectious agent resulted, in the discov-
ery of the human immunodeficiency
virus in 1983. Thus far two strains
have been identified, HIV 1, which ap-
pears to be the predominant virus affect-
ing Africa and the western world, and
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HIV 11, more closely related to SIVs
and currently responsible for infecting
various West African populations, albeit
at aslightly attenuated mortality rate.

Humans infected with HIV gener-
ally develop an early flu-like syndrome
that includes fever, malaise, loss of ap-
petite, sore throat, night sweats, general-
ized swollen lymph nodes, and diarrhea
Asthe disease progresses over the next
oneto seven years, the lymph nodes re-
main enlarged and the circulating T4
cell population in the body progressively
declines. The decline leaves the body
vulnerable to a large number of oppor-
tunistic infections, such as arare type
of protozoal pneumonia, a nervous sys-
tem infection due to a parasite of cats,
and an unusual type of cancer of blood
vessel origin (Kaposi's sarcoma). The
infected human generally succumbs to
one of these opportunistic infections.

The virus is spread predominantly in
blood and blood products and has been
discovered in saliva, breast milk, and
cerebrospinal fluid. Soon after the initial
infection and at various unpredictable
times during incubation and throughout
the disease, large amounts of cell-free
virus are found in blood. At these times
the immune system appears to be inac-
tive asthe virusincreases its chances
for transmission through mediums such
as serum, plasma, or breast milk.

The virus has been found to infect
and is recovered from T4 cells, mono-
cytes, and macrophages in blood, lung,
and brain tissues. Current studies sug-
gest that various cells of the central ner-
vous system can be infected at alow
level. Infection of the lymphocytes gen-
erally leads to rapid cell death and the
release of large numbers of cell-free
virus particles. Infection of monocytes
and macrophages, on the other hand,
leads to an event in which variable
numbers of virus particles are found
budding within the cell without killing
it.

All human races appear susceptible

to infection and the subsequent develop-
ment of fatal immunosuppression. The
previously mentioned carrier state of
other animal lentiviruses is not as com-
mon in HIV. Although less pathogenic
viruses have been isolated, extensive in-
vestigationsinto adapted native African
populations have, to date, not been re-
ported. We know that some individuals
have been infected for greater than nine
years with no identifiable symptoms,
but we have no substantial database or
explanation as to how this occurs. Tn-
vestigations currently underway to study
the genetic predisposition to the virusin
the human population should eventually
yield general statements about variations
in susceptibility to disease. Our discus-
sion suggests that virus-adapted African
subpopulations should already exist in
some parts of Africa

Mechanisms of Viral Persstence

Viral persistence, or the inability of
the host to completely rid  itself of the
virus, may be the outcome of a number
of viral properties. First, the virus may
disguise itself or mimic properties of the
host’s normal cells. Second, the virus

may infect a small subset of cells situ-
ated in the brain, reproductive organs,
and parts of the eye and joints that are
immunologically privileged, that is free
from the usual scrutiny of the immune
system. Third, the virus may paralyze
or destroy certain immune functions di-
rectly responsible for its elimination.
Fourth, it may integrate itself into the
genetic make-up of the cell, thereby in-
suring itself subsistence aslong asthe
normal cell is not eliminated. Fifth,
the virus may have genetic controlling
elements that regulate and limit its ex-
pression. Lastly, the virus may have
an ability to continually change itself
on aregular basis such that the im-
mune system is never able to “catch
up.” Although some of the six strate-
gies just mentioned are found in other
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The HIV genome contains about 10,000 nuclectide pairs. Nine genes are shown here,
arranged in sequence aong the viral DNA. (Since protein-coding regions can be read
in three ways, a number of genes can overlap on one DNA segment.) The genes are
flanked by long-terminal-repeat (Ztr) regions, noncoding regions that initiate expres-
sion of viral genes. The gag, pd, and env genes code for core proteins, reverse tran-
scriptase (and other enzymes), and envelope proteins, respectively. HIV aso contains
an unusudly large number of regulatory genes, described below.

Regulatory  Genes

tat — A postive regulator that amplifies vira replication. The tat gene

does this by producing a transactivating protein that stimulates a

transacting response sequence (tar) in the Itr region of the genome.
The tar sequence is included in every mRNA transcript of ev-

ery HIV gene. Thus, tat boosts production of both regulatory and

structural viral proteins, including its own protein, and can amplify

viral replication by a factor of a thousand.

rev.  — A differentid regulator that enables selective production of either
regulatory proteins or new virion components by a transacting
antirepressive mechanism. The tat and rev genes can counteract
each other to produce steady-state levels of tar and rev regulatory
proteins.

nef  — A negative regulatory factor that suppresses viral expression.

vif  — A vird infectivity factor whose protein product enhances the ability
of new virus particles to fuse with and enter uninfected cells.

vpr — This segment has an unknown function, but codes for protein.

VU —  This segment has an unknown function, but codes for protein.
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persistent vira infections, such as Her-
pes viruses (I, 1l, and cytomegalovirus)
adenoviruses, and influenza viruses, only
the lentiviruses appear to have adopted
them al. In the following sections we
will bring together data on the mecha
nisms of lentivird persistence from the
previoudy described animal models and
from recent studies of HIV-infected hu-
mans.

Cdlular-Viral Regulation. The dlow-
ness or persistence of lentiviral infec-
tions reflects the fact that vira replica
tion in T lymphocytes and monocytes is
often minimally productive-vira repli-
cation generaly takes place at a very
dow rate. It is, however, the limited
production of vira antigens that alows
the infected cells to go unncticed by the
immune system for long periods. Alter-
natively, the virus's life cycle stops at
the provird DNA or the RNA transcrip-
tion stage. Infected cells that are invis-
ible to the host's immune defenses, yet
capable of; trangmitting the virus from
cell to cell, are sometimes referred to as
the “Trojan Horse” phenomenon.

As mentioned in our earlier discus
son of the immune system, immuno-
logical signals that activate T cells and
signals that initiate the maturation and
differentiation of monocytes into mac-
rophages are the norm in daily immune
functions. It is these signals, however,
that seem to initiate, enhance, and con-
trol lentiviral replication within infected
cells. Although vird replication does
not necessarily kill infected cells, the
presence of the virus seems to impair
the cdl’s functioning and to preclude
the cel's ability to eiminate other for-
eign invaders. Moreover, activation of
the latent viral state appears to occur a
just those times when vira replication
will assure transmission of the virus to
new host cells.

The ability of lentiviruses to go from
a state of “controlled hibernation” to a
date of “controlled activation” following



AIDS Viruses of Animals and Man

SYNCYTIUM  — A GIANT
MULTINUCLEATED CELL

Fig. 8. (a) Transmission electron micrograph
of a giant multi-nucleated cell formed in vitro
by the fusion of an HIV-infected transformed
human T4 lymphocyte with other lymphocytes
from the same cell line (magnified 1200 times).
The syncytium is rapidly producing virus par-
ticles. (b) The budding of viral particles in
(@) (magnified 25,000 times). The transformed,
or tumor, cell line shown here and developed
by Robert Gallo produces large numbers of
HIV particles without undergoing cytolysis and
has therefore been instrumental in AIDS re-
search. (Photograph by Kunio Nagashima,
NCl-Frederick Cancer Research Facllity.)

stimulation of the immune system must
be related to their unusualy large num-
ber of regulatory genes. These “extra’
genes, which were either evolved inde-
pendently by the virus or were pirated
from the host's immune cells, appear
to work in concert with the host cdl’'s
machinery and extracellular signals to
limit or enhance vird gene expression
as needed for surviva of the virus. Ta
ble 3 lists the known regulatory genes
in HIV, for which the detailed functions
are only partialy known.

The state of controlled vira repli-
cation is lost in al species of AIDS
viruses when they are placed in tissue
culture. Vira replication takes place
rapidly in peripheral blood lymphocytes
when stimulated artificaly to divide.
An infected T4 cell transcribes provi-
ral DNA into severa thousand copies
of vird RNA, which serve as genomes
for new virus particles and templates
for production of viral proteins. The
redirection of cellular machinery for
the massive production of vird com-
ponents leads to a loss of the normal
protein synthesis required to maintain
celular integrity. In addition, the RNA
genomes and viral proteins assemble
into infectious virus particles, which, in
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some instances, massively bud from the
cell surface, thereby destroying the cell.
A single infected cell may produce 500
to 1000 of these. Massive vird repli-
cation may occur in vivo as evidenced
by detectable levels of viral antigens or
infectious cell-free virus circulaing in
the serum of about half of the AIDS pa
tients at various times during the course
of the disease.
Detailed knowledge of the cellular

factors controlling the virus life cycle

in monocytes and macrophages comes
from in vitro studies of visna-maedi
virus. The visnamaedi life cycle is
highly dependent on maturational fac-
tors in these cells. Less differentiated
monocytes are more difficult to infect
and the vira life cycle stops after provi-
ral DNA s transcribed into RNA. As
monocytes age, they are more easily in-
fected, and vira replication proceeds
al the way to the production of vird
proteins. This regulatory program &
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sures that viral proteins are produced at
exactly the same time that monocytes
mature into wandering macrophages

and can thus interact with additional
cells of the host immune system that are
susceptible to infection.

Additional evidence for the interac-
tion of vira regulatory genes and cellu-
lar factors comes from work in my labo-
ratory. We have been developing sensi-
tive, quantitative, in vitro assays of both
the infectiousness of the AIDS virus and
the effectiveness of antibodies or antivi-
ral agents against the virus. Initialy,
we screened many human tumor T4 cell
lines for their ability to become infected
readily with HIV. We then used cell
cloning strategies to select those that
grow in uniform monolayers and then
react to viral infection by rapidly fusing
with nearby cells. Thus, when infec-
tious virus particles are introduced onto
the monolayer, each cell that becomes
infected fuses with other cells to form
a large, distinct single cell with many
nuclel, caled a syncytium (Fig. 7). The
number of infectious viral events can be
determined directly by simply counting
the number of these large cells (Fig. 8).

On refining this assay we noticed that
initially no new virus particles were pro-
duced by infected cells during the cell
fusion process-they were produced
only after the cells had exhausted their
ability to fuse. These observations sug-
gested that the virus has a two-stage
strategy for assuring its persistence in
the immune cells of the host (Fig. 9).
Once inside a cell the first stage causes
the virus to direct its effort toward cell
fusion. This mechanism accomplishes
the business of spreading in the host
without direct exposure to the antiviral
actions of the host’'s immune system.

What are some of the details of this
first stage? The vira regulatory genes
within an infected lymphocyte or mac-
rophage seem to be chemically con-
nected to the host cell’s normal sur-
face receptors, for example, any of the
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FORMATION OF SYNCYTIA
INMICROASSAY

Fig. 9. Photomicrographs of sequential stages
of cell fusion and syncytial formation in the
guantitative HIV l-induced infectivity microas-
say. The top picture depicts normal unin-
fected cells forming a monolayer. The mid-
dle and bottom pictures demonstrate cell-to-
cell fusion. Note the cell nests or clusters (ar-
row) that occur by day two in culture. By day
four or five, these cell nests form the typical
syncytia described In the text and shown in
Fig. 8.

lymphokine, or cell-recognition, recep-
tors, that is, the MHC receptors. These
cell-surface receptors receive chemi-
cal signals that direct the cells around
the body and induce norma immune
activity in the lymph system. Normal
signals that prepare the various neigh-
boring immune cells to interact with
each other seem to activate the HIV en-
velope genes within the infected cell to
produce the “fusigenic” envelope pro-
teins, gp 120 and gp41, that cause cells
to stick together and fuse.

What of the second stage? It seems
that if the HIV-infected fusigenic cells
fail to find neighboring cells susceptible
to fusion, a new set of cell-membrane
signals induces the vira genes to redi-
rect the cell’s machinery toward produc-
ing the additional structural components
required to assemble new infectious
virus particles. The massive produc-
tion of these new particles, sometimes
at the expense of the cell, can be con-
sidered a termind last ditch effort on
the part of the virus to infect new cells
and thus survive in the host. As virus
particles bud from the cell, they strip off
pieces of the protective cell membrane.
Normally, cell membrane components
are constantly being re-formed through
protein synthesis to keep up with the
everyday import and export of cellular
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TWO-STAGE MODEL OF
VIRAL REPLICATION

Fig. 10. HIV regulatory genes, in response to
extracellular signals, seem to produce two dis-
tinct stages of viral replication that assure
survival of the virus in the host. Stage 1.
In the presence of CD4-positivecells, the In-
fected cell produces the fusigenic viral pro-
teins, gp41l and gpl20, that cause fusion of
the infected cell’s membrane with the mem-
cell. The
viral genome and reverse transcriptase Is then

brane of a neighboring CD4-positive

transferred to the uninfected cell. The newly
infected cell may then separate to become a
latent infected cell. Alternatively, it may take
part in the fusion process with other nearby
CD4-positivecells to form a giant multl-nucle-

ated cell called a syncytlum. In this way, the
infection spreads slowly with no interference
by the Immune surveillance system. Stage
2. When no uninfected CD4-positive cells are
nearby, the syncytlum switches into a state of
uncontrolled viral replication, which produces
thousands of new infectious’ virus particles.
As these bud from the surface, they tear, or
lyse, the membrane and thereby destroy the gi-
ant cell. A single latent uninfected cell, when
stimulated by extracellular signals, may also
undergo uncontrolled viral replication, result-
ing in lysls of the single cell. The infectious vi-
ral particles now encounter immune defenses
as they travel through the body to find new

infectible  cells.

materials. However, the uncontrolled
production of 500 to 1000 particles per
cell and the holes they create as they
bud from localized areas on the cell sur-
face, cause the cell to take on excess
extracellular fluids, burst, and die.

The newly created HIV particles,
unlike some other viruses, appear to
undergo arelatively rapid predeter-
mined decay caused by the sponta-
neous shedding of the gp120 molecule,
the molecule that binds to CD4. The
shedding is apparently due to the in-
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teractive yet weak protein structure of
gp120. Studies in my laboratory show
that the shedding takes from 8 to 15
hours. Hence a race begins to find a
new infectible host cell before the virus
particle loses its ability to infect. (See
“The Kinetics of HIV Infectivity” for
adetailed discussion of this process

in vitro.) In summary, if the infected
cell is locked in a compartment of the
body with no direct access to infectible
cells and therefore no chance for fusing,
the virus programs the cell to produce
hundreds of virus particles, which can
rapidly diffuse in extracellular fluids or
in the bloodstream.

Biological Properties of the Virus.
Having discussed regulatory processes
that help assure presistence of the virus,
we now turn to structural properties
that help the virus escape from host
immune defenses. The glycoproteins
gp 120 and gp4l forming the envelope
of HIV have two biological properties
important to the survival of the virus. 1)
they contain large amounts of carbohy-
drate (sugar), which serves to minimize
and hide their protein binding sites from
the host immune sysemand ~ 2) they
insert themselves next to or within the
host cell’s own self-recognition pro-
teins, such as the MHC molecules. Both
properties help the virus to escape from
norma antiviral immune mechanisms
previously outlined in Fig. 5.
Antibodies are Y -shaped proteins that
neutralize the virus by binding to spe-
cific molecular protein shapes, called
epitopes, on the viral envelope proteins
(Fig. 10). In most lentiviruses, almost
all neutralization epitopes are highly
glycosylated (sugar coated), and these
carbohydrate moieties completely con-
cea neutralization epitopes from im-
mune recognition. As a result, the B
lymphocytes are not able to produce
highly effective neutralizing antibodies.
In the case of HIV, we are a bit more
fortunate in that some effective neutral-
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izing antibodies are produced (see “The
Search for Protective Host Responses”).

In al strains of lentiviruses, some
epitopes are variably exposed and in-
duce the production of neutralizing an-
tibodies of very narrow specificity (that
is, they recognize only the one viral
strain). While the neutralizing antibod-
ies may be effective against the orig-
inal virus, mutations occur frequently
in me genes for the viral envelope and
lead to production of new virus parti-
cles with rearranged neutralization epi-
topes. The new particles now escape
neutralization by antibodies. This pro-
cess has been cdled antigenic drift, a
term previously coined for influenza
viruses, which cause the common cold.
The mutational phenomenon is seen in
sheep infected with visna-maedi virus,
in horses infected with the EIA virus,
and in humans infected with HIV.

Moreover, hon- or poorly-neutralizing
antibodies can facilitate the infection of
macrophages. The loosely associated
virus-antibody complex sticks to an an-
tibody receptor present on the surface
of the macrophage. The macrophage
then engulfs the virus-antibody complex
and thereby becomes infected (Fig. 10).
Thus, certain antiviral antibodies pro-
duced during the lentiviral infection
serve no useful biological purpose and
therefore seem to perpetuate rather than
eliminate infection in the host.

As previously mentioned, after a host
cell has become infected, the viral gly-
coproteinsinsert themselves strategically
next to or within the MHC antigens nor-
mally present in the cell membrane.
Since MHC proteins are precisely the
surface antigens that cells of the im-
mune system use to recognize each
other as self, the viral glycoproteins
act very much like a “wolf in sheep’s
clothing.” The net result is a form of
molecular mimicry. In particular, recall
that the presence of gp120 in the mem-
brane of the infected cell alows it to
fuse with any neighboring cell that has a
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ANTIBODY STRUCTURE,
PRODUCTION, AND FUNCTION

Fig. 11. (a) Antibodies are Y-shaped protein
molecules whose arms contain antigen-specif-
ic binding sites. The antibody shown here is
specific to gpl20. The base of all antibod-
ies contains a binding site for the Fc recep-
tor present on macrophages and killer cells.
Antibodies also have binding sites for some
complement proteins and thereby work in con-
junction with complement to coat foreign in-
vaders and attract scavenger cells, which de-
stroy them. (b) Antibodies are produced by
B lymphocytes. Here a B cell binds through
its antibody receptor to an antigen-presenting
macrophage and also receives chemical sig-
nals from a T4 helper cell. The combination
stimulates the B cell to proliferate and mature
into antibody-secreting plasma cells. (c) One
function of antibodies is to neutralize viruses;
as shown in the figure, they accomplish neu-
tralization by binding to the virus’s surface re-
ceptors, which prevents the virus from infect-
ing a host cell. The figures also show how
antibody-coated virus may bind to the Fc re-
ceptors on macrophages, which leads to en-
gulfment and digestion of the antibody-virus
complex. If complement binds to the antibody-
virus complex, engulfment by macrophages is
further facilitated. In the case of HIV, coat-
ing of the virus by nonneutralizing antibody
may lead to engulfment by and subsequent
infection of the macrophage. A second ma-
jor function of antibodies (bottom left) is to
coat infected cells and thereby attract, bind to,
and stimulate killer cells, to secrete cytotoxins,
which lyse the infected cells. This process is
called antibody-dependent, cell-mediated cy-
totoxicity (ADCC).

CD4 receptor on its surface and then to
dump its viral genetic payload into that
cell without the virus itself ever being
assembled or encountering neutralizing
antibodies, killer T8 lymphocytes, or
other complex extracellular antiviral
moieties that might interfere with the
infection process.
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Table 4
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Factors and Processes Leading to T4 Cell Depletion

1. Accumulation of unintegrated viral DNA.

2. Massive budding of new viruses, leading to breakup, or lysis, of cell membrane.

3. Abundance and maintenance of CD4 receptors on T4 cells, promoting infection,

autoinfection, and cytopathic effects.

4. Cell fusion between T4 cells, promoted by complexing of viral envelope proteins

with CD4.

5. Infected T4 cells expressing gpl20 are recognized as non-self and destroyed by

immune reaction.

6. Binding of free gp120 to uninfected T4 cells, leading either to binding of anti-
gp120 antibodies or to direct attack by cytotoxic cells.

7. Antibodies to gp120 cross-react with MHC |1 expressed on activated T4 cells,
and the antibody-coated T4 cells are subsequently destroyed by K (killer) cells.

8. HIV infection of bone marrow stem cells, leading to decreased production of ma-
ture T4 cells or HIV infection of a T4-cell subset that is critical to the propaga

tion of the entire T4 cell pool.

9. Secretion by HIV-infected cells of soluble factors that are toxic to T4 cells or
secretion of such factors induced by the free virus.

Immune Dysregulation and
Destruction

We have stressed that the lentiviruses
are adapted to the very essence of the
host immune system. Ironically, our at-
tempts to understand HIV are teaching
us more and more about the human im-
mune system. Although we know that
infection by HIV and SIV results in a
progressive loss of T4 cells, that loss is
not completely understood because, at
any one time, only one in ten thousand
to one in a million circulating T4 cells
are infected with HIV.

Thus, the simple fact that HIV and
SIV can destroy T4 cells through mas-
sive viral replication in vitro (Fig. 11)
does not seem to explain the dramatic
T4 cell depletion in vivo. Therefore, the
search is on for other mechanisms. It
has been discovered that antibodies and

killer T8 lymphocytes in human AIDS
patients are capable of attacking their
own normal, uninfected T4 cells. This
attack on self is probably due in part

to molecular mimicry, that is, MHC II,
which is expressed by normal activated
T4 cells, may “look like” gpl20 to anti-
gp120 antibodies and to T8 killer cells.
(As shown in Fig. 4, the T4 cell re-
ceptor CD4 binds to both MHC 1 and
gp120.) These and other possible mech-
anisms of T4 cell depletion are listed in
Table 4. The fact that we list them illus-
trates not only our knowledge but aso
our ignorance about how the depletion
process works.

We do know that the loss of T4 cells
from the body induces a progressive
loss of immune regulation. Because T4
cells orchestrate directly or indirectly
al of the other T, B, monocyte, and
macrophage cells of the immune system
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FUNCTIONS OF T4 HELPER CELLS

Fig. 12. T4 lymphocyte cells are called helper/
inducer cells because they secrete many sol-
uble chemicals that induce responses in other
white cells. Thus T4 helper cells play a critical
role in the immune response. The chemicals
they secrete induce growth and differentiation
of T and B lymphocytes, stimulate bone mar-
row stem cells, induce the killing function of T8
killer and natural killer cells, induce the sup-
pression function of T8 suppressor cells, ac-
tivate macrophages, and induce the functions
of other nonlymphoid immune cells.

(Fig. 12), their loss leads to a general
uncontrolled activation of the immune
system, which is revealed by an excess
of circulating antibodies in the blood
and tissues. Moreover, helper events
prompted by chemical messages from
T4 lymphocytes are diminished or ab-
sent. In this setting of immune suppres-
sion, ubiquitous microbes in the envi-
ronment, the body’s own flora, and even
some spontaneously formed tumor cells
may flourish inappropriately.

HIV infection of monocytes, mac-
rophages, and bone-marrow stem cells
also leads to immune dysregulation. We
have clear evidence that, in sheep and
horses, respectively, the visnamaedi and
EIA viruses infect monocytes and mac-
rophages directly, although the specific
celluar receptors involved have not yet
been identified. Human macrophages
become infected with HIV via CD4 or,
perhaps, other receptors on the macro-
phage surface. Another infection mech-
anism is the binding and engulfment of
antibody-coated HIV.

Whatever the mechanism of entry, the
infection of monocytes and macrophages
probably diminishes the performance of
their various accessory functions, such
as secretion of complement and clotting
factors, tissue reorganization and re-
pair, and killing of microbes and tumor
cells. We have direct evidence from in
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vitro studies of visna-maedi of how the
persistent infection of monocytes and
macrophages stimulates the chronic ac-
tivation of the immune responses shown
in Fig. 5. In particular, lymphocytes

in culture with visna-maedi-infected
macrophages were found to produce

a unigue interferon, a soluble protein
with three important effects. First, it re-
tards monocyte maturation, thus indi-
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VIRAL REPLICATION IN
HUMAN T LYMPHOCYTES

Fig. 13. Scanning electron micrograph of HIV-
infected human T4 lymphocyte. (a) A single
cell infected with HIV showing virus particles
and microvilli on the cell surface (magnified
7,000 times). (b) Enlargement of a portion of
the cell surface in (a) showing multiple virus-
particles budding or attached to the cell sur-
face (magnified 20,000 times). (Photograph
courtesy of K. Nagashima and D. Chisholm,
Program Resources, Inc., NCI-Frederick Can-
cer Research Facility.)

rectly slowing the rate of vira replica-
tion. Second, it restricts the rate of virus
maturation, and last, but most important,
it induces an unusually high expression
of MHC Il antigens and viral antigens
on the surface of the macrophages. It
seems that the high expression of MHC
antigens, when presented in associa-
tion with lentiviral antigens, chroni-
caly stimulates the series of immune
reactions shown in Fig. 5, which subse-
quently leads to abnormal accumulations
of virally susceptible host immune cells
and, in some cases, causes local tissue
destruction.

Inherited Host Responses?

How do some hosts prevent the types
of immune dysregulation just described?
Are there natural immune responses in-
duced by lentiviruses that can lead to a
state of protection? In attempts to de-
velop a vaccine against lentivira dis-
ease, we and other researchers have in-
vestigated all known immune responses
that might lead to such a state. (Some
of those studies are described in “The
Search for Protective Host Responses.”)
The progress to date has been discour-
aging. So far, none of the responses
have been found to be effective against
lentiviral disease. Moreover, none of
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them have yet been thoroughly studied

and identified as the cause of protection
in the virus-adapted species previously

mentioned.

Thus, the natura history of the lenti-
viruses, as well as the current lack of
success of vaccine studies, suggests that
the carrier state found in some species is
a direct effect of host adaptation. Such
adaption probably involves a combi-
nation of traditional immune responses
and accumulated changes in the host's
immune-response genes and the virus's
genes over long periods of time.

What are some of the possible inher-
ited-adaptive properties that may confer
the carrier state on the lentivirus-adapted
host? (1) There may be an absence or
only a limited number of cells in the
adapted host that are pathologicaly sus-
ceptible to the viral infection, and those
cells that are infected are not atered
in their normal immune function. (2)
Controlling genes inherent in the cell
may limit the amount of viral replica-
tion to very low levels, alowing crit-
ica host immune cells to be replaced
or controlled by the host immune sys-
tem faster than they are compromised.
(3) The virus may be regulated or pre-
vented from flourishing by naturally
inherited or nonspecifically acquired an-
tiviral substances present in body fluids.
These substances would include cross-
reactive antibodies induced from other
pathogenic agents or viruses, as well
as various other species- associated an-
tiviral substances in blood and serum.
Approximately thirteen such substances
have been described in the scientific lit-
erature, including a heat-stable lipopro-
tein that inhibits the visna-maedi virus
of sheep. (4) The presence of non-
pathogenic, host-adapted viruses may
interfere with infection by lentiviruses
or a least somehow limit uncontrolled
lentiviral replication. (5) Infected cells
of certain hosts may specifically produce
and release soluble proteins during their
viral infection that prevent the infection
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of cells nearby or at some other location
in the body. Interferon is an example of
this last possibility.

L essons from the Chimpanzee,
Man’'s Nearest Living Relative

Due to the disappointing search for
a state of immune protection in HIV-
infected humans and the fact that such
humans appear to possess a complete,
yet nonprotective, repertoire of antivi-
ral immune responses toward HIV, we
are currently looking at anima models
of host adaptation. The only model for
the human virus is the HIV I-infected
chimpanzee. To date, approximately one
hundred chimpanzees have been infected
in various laboratories with different
variants of HIV obtained from human
AIDS patients and tissue cultures. Pre-
liminary studies demonstrate a state of
viral infection persisting for 4 to 5 years
with no clinical manifestations of dis-
ease. It can be argued that 4 to 5 years
is insufficient time for disease develop-
ment, however, in humans infected for
this period of time, multiple cellular and
immunologic abnormalities are measur-
able. None of these immune destructive
signs are found in the infected chim-
panzees at any time to date. Although
an even longer incubation period may
be required before these animals show
clinical signs, the results of our chim-
panzee studies are provocative.

Chimpanzees have received HIV |
from diverse sources in various labora-
tories, varying from HIV I-infected cells
or cell-free virus derived in tissue cul-
ture to samples of whole blood, spleen,

bone marrow, or thymus from humans
with AIDS. Included in the list is the
intracerebral administration of suspen-
sions of brain tissue from patients dy-
ing of AlDS-associated pathology of
the brain. Also, chimpanzees that were
persistently infected with HIV | have
been experimentally manipulated with
immunosuppressing and immunostim-
ulating protocols without developing
AlDS-associated abnormalities.

Four to six weeks after inoculating
chimpanzees with as little as a single
syncytia-forming unit of tissue-culture-
derived HIV 1, the virus can be reiso-
lated by culturing lymphocytes from the
blood of the infected animals. However,
unlike the situation in HIV I-infected
humans, cell-free virus could never be
detected in the blood serum of chim-
panzees at any time during the past 3
years. Two weeks after reisolation of
the virus becomes possible, the infected
animals make detectable antibodies to
the viral antigens. In fact, the animals
make antibodies that recognize al the
known viral proteins recognized by an-
tibodies from HIV I-infected humans.
The animals also initialy develop a
virus-specific neutralizing antibody.
With time, this neutralizing antibody
is capable of neutralizing other HIV |
variants, as happens in humans infected
with HIV I. No abnormalities of the T4
or other lymphocytes are detected in the
chimpanzee's immune system during
this persistent infection.

In addition, no significant changes
have been reported in the ratio of T4
to T8 lymphocytes in infected chim-
panzees. During the infection the an-
imals also make HIV I-specific cyto-
toxic T8 lymphocytes capable of killing
HIV I-infected cells. More interesting,
although humans infected with HIV |
make autoreactive T8 lymphocytes ca
pable of killing their normal cells, thus
leading to immune dysregulation, chim-
panzees do not. This further supports
the thesis that the immune system of the
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